Introduction
US policies in the 19th century approached wetlands as areas that impeded land development, discouraged European-American settlement, and created a menace to public health (e.g. fear of yellow fever and malaria; US Department of Agriculture, 1955; Sandretto, 1987; McCorvie and Lant, 1993) . After the United States acquired land by treaty or by force from indigenous residents (Dunn, 1909) , Congress granted control of more than 262 640 km 2 of federally controlled lands to the states to drain wetlands under the Swamp Lands Acts of 1849 , 1850 , and 1860 (US Department of Agriculture, 1955 , 1987 . Thirty-five state legislatures passed laws between 1857 and 1932 that formed drainage districts as agencies to create artificial drainage systems and administer drainage laws (McCorvie and Lant, 1993) . By the late 1800s, streams in the Midwestern United States were diverted, straightened, ditched, and dredged to drain wetlands or to increase capacity to carry water from agricultural land ( Figure 1 ; Lamberti and Berg 1995; Urban and Rhoads, 2003) .
Drainage laws are complicated (Sandretto, 1987) , but generally encourage the maintenance of watersheds as efficient drainage networks (i.e. 'pipes') without considering streams as ecosystems that also benefit humans (Evans et al., 2007) . The channelling of streams to improve drainage reduces the habitat diversity (e.g. overhanging vegetation, in-stream wetlands, pools, riffles, undercut banks, macrophytes, bed roughness, and large wood [LW] ) that sustains aquatic biodiversity (Evans et al., 2007; Keller, 1975 Keller, , 1978 . Protected riparian buffers can result in natural recruitment of LW that can promote passive and cost-effective restoration of forested streams (Kail et al., 2007) . Fallen trees, root wads, and wood jams increase habitat heterogeneity as they create pools, scour silt from larger substrate, attenuate floods, shield banks from erosion, trap organic material, and help uptake excess nutrients (Figure 2; Keller and Swanson, 1979; Bilby and Likens, 1980; Ehrman and Lamberti, 1992; Shields and Gippel, 1995) . Among other negative consequences, wood removal increases transport of sediment (Beschta, 1979) and particulate organic matter (Bilby, 1983) , and increases flow velocity while reducing pool volume and depth (Davidson and Eaton, 2013) . The cumulative effects of channelling and LW removal result in lower-quality habitat for fish (Karr et al., 1985; Lau et al., 2006) .
In St. Joseph County, Indiana (USA), we studied Juday Creek (41°42'40.0"N, 86°13'00.0"W) for 17 years to monitor the results of a reach-scale restoration project completed in 1997 ( Figure 3 ). Juday Creek was a natural stream, as indicated on US General Land Office survey maps from 1829, before it was channelized and reclassified as a regulated drain in the early 1900s. Details of the restoration project and postrestoration monitoring are described in Moerke et al. (2004) and Shirey et al. (2016) . In July 2011, county drain managers removed naturally recruited LW from two unrestored control reaches that we monitored ( Figure 4a )a relatively common (and legal) practice for county drainage boards. Contractors cut the wood, removed some pieces, and anchored other cut pieces to the bank parallel with stream flow using steel cables, thereby reducing cover for fish ( Figure 4b ). After wood removal, fish biomass declined by 40 and 76% in these two reaches, although the total number of fish increased (Shirey et al., 2016) . However, this increase was dominated by Creek Chub (Semotilus atromaculatus), a silt-tolerant, generalist fish (Poff and Allan, 1995) not associated with LW after its first year of age (Quist and Guy, 2001) . Fish intolerant of silt (e.g. Mottled Sculpin [Cottus bairdi]) declined in biomass and relative abundance following wood removal. When LW was again naturally recruited in 2013, fish biomass increased. Our observation is consistent with fish response to removal of wood and instream cover in other streams (Angermeier and Karr, 1984; Swales, 1982) , as fish inhabiting the unrestored reaches after wood removal were smaller on average compared to fish in the restored reach, but were larger in the years wood was more abundant than in restored reaches (Shirey et al., 2016) . We discussed the fisheries consequence of LW removal with local drainage officials in 2012, and referenced harm to Juday Creek macroinvertebrate communities (Kohlhepp and Hellenthal, 1992) .
Although we reported our results of positive fish responses to restoration (Shirey et al., 2016) , we did not discuss the removal of wood from unrestored reference reaches or the law pertaining to wood management, because those topics were beyond the scope of evaluating ecological response to the restoration. Given the removals of LW from a stream reach that included the addition of anchored wood and a wooded riparian buffer zone as restoration features approved by federal, state, and local agenciesincluding the county drainage board in 1997 ( Figure 3 )here we discuss a common environmental management challenge that exists under drainage laws which apply to a widespread geographic region of North America. We identify a conservation policy need to address the environmental conundrum of resources being spent on active restoration of stream reaches (e.g. addition of wood) while drainage laws discourage passive habitat improvement on a watershed scale (e.g. revegetation of stream banks and long-term LW recruitment via fallen trees). This policy challenge highlights that engineered improvements in physical habitat do not always result in successful achievement of goals if watershed management practices then degrade habitat (Roni et al., 2015) . We summarize this problem of LW removal under drainage law and offer possible solutions. Figure 1 . Example of dredging on the Kankakee Riveran Indiana stream dredged from a 400-km meandering channel to a 130-km straightened ditch (Kwak, 1993) . Photo courtesy of Walkerton Area Historical Society. (Table I) . However, 'obstruct' or 'obstruction' is not defined (IC §36-9-27-2), and the county surveyor can decide whether or not to perform maintenance (IC §36-9-27-29 et seq.).
Drainage law requirements may encourage stream degradation in other ways as well. For example, any action taken by the landowner must be done in conjunction with the drainage board or surveyor's office, as the landowner is limited by a 75-foot (23-m) right-of-way that grants access to the county surveyor, drainage board, or authorized representative (IC §36-9-27-33(a)), who 'may use the land in any manner consistent with … the proper operation of the drain' (IC §36-9-27-33(d)). Landowners are also discouraged from conducting streamside habitat restoration, as 'vegetation may not be planted in the right-of-way without the written consent of the board, and … may be removed by the surveyor if necessary to the proper -9-27-33(d) ). This antiquated approach to managing watersheds (Table I) is similar to other drainage laws that have prevented landowners from restoring wetlands (McCorvie and Lant, 1993) . However, a progressive aspect of this law allows the county surveyor or drainage board to take swift action to remove invasive plant species (Table I) .
These drain maintenance actions are paid for by an annual tax levied on landowners of the watershed who are 'benefited' by the drain (IC §36-9-27-112), which is also antiquated because the tax disproportionately benefits row-crop agriculture adjacent to streams. However, this system could be used progressively as a model for watershed stormwater management fees.
Drain Management Challenges and Educational Opportunities
The Indiana Drainage Law and similar drainage laws fail to balance ecological and geomorphic management with hazard risk in open drains that were historically streams. These laws predate science on the positive benefits of riparian buffers and LW to stream ecosystems. Although experienced watershed managers recognize the ecological and geomorphic value of wood, negative perceptions of LW add to the challenge of managing for these ecosystem services (Chin et al., 2008; Piégay et al., 2005; Ruiz-Villaneuva et al., 2018; Wohl, 2017) . The issue of aesthetics (i.e. what the public perceives as natural vs what is ecologically beneficial) further confounds watershed management goals and long-term management of restoration projects in urbanizing watersheds like Juday Creek (Booth et al., 2004; Cockerill and Anderson, 2014; Schauman and Salisbury, 1998) . This aesthetic perception is reinforced in urban areas when wood causes blockages around infrastructure such as weirs and bridges (Wohl et al., 2016) . These blockages are primarily caused by newly recruited fresh wood from extreme-magnitude floods, and not LW that had been present in channels (Comiti et al., 2016) . Rather than continuously remove LW, risk-averse approaches include enlarging bridges and culverts when replaced to allow downstream wood and sediment passage, redesigning bridge piers, or reducing infrastructure vulnerability to clogging by placing LW retention structures upstream (Comiti et al., 2016) . These approaches also reduce long-term maintenance costs of wood removal (Lassettre and Kondolf, 2012) and encourage fish passage (Evans et al., 2015) .
If steps to reduce infrastructure risk are taken, then a pragmatic approach to improve water quality informed by ecology and geomorphology includes efforts to encourage natural recruitment of wood where feasible (e.g. passive restoration), leave LW in the stream channel whenever possible, avoid active straightening of stream channels, encourage growth of native riparian vegetation, avoid mowing lawns or ploughing fields directly to the stream edge ( Figure 5) , and educate the public on the ecological consequences when we fail to promote these activities. Though the socio-political aspects of this approach are daunting (Dunn et al., 2016; Rhoads et al., 1999) , science-informed management is critical to improve fish habitat and water quality because a vast network of ditches and natural streams managed as drains exists in the agricultural landscapes of North America (McCall and Knox, 1979; Sandretto, 1987; Tank et al., 2010; US Department of Agriculture, 1987) .
If fish habitat and high-quality fisheries are important to residents, then lawmakers may wish to revisit drainage laws and allow for exceptions, especially in open drains that were historically streams, or that resemble streams more than ditches. Otherwise, the court system may decide how drainage laws are to be applied. For example, a Wisconsin (USA) farmer added wood structures and vegetation to improve native Brook Trout (Salvelinus fontinalis) habitat through his property in a lateral drain managed by the Portage County Drainage District (Isherwood v. Portage County Drainage District; State of Wisconsin, 2019). Though an effort to improve trout habitat is normally a management goal (e.g. Champoux et al., 2003) , the drainage district board removed the wood they deemed obstructed and threatened agriculture drainage. A circuit court judge ordered the drainage district to pay to put the LW back and the Wisconsin Court of Appeals affirmed, rejecting the argument that the farmer violated Wisconsin Statute §88.91, Penalty for placing obstruction in ditches (State of Wisconsin, 2019). The appeals court put weight on the scientific evidence supporting the plaintiff's legal argument, concluding that the district's argument was 'based on a flawed proposition that placement of any object … in a ditch always obstructs "the free flow of water" in the ditch … even when placement has the effect of improving, not hindering, the free flow of water' (State of Wisconsin, 2019).
Ultimately, the future of drainage district-managed watersheds is up to citizens, landowners, and elected drainage boards to decide, although scientists can help to inform policy and management (Dunn et al., 2016; Rhoads et al., 1999) . An American Fisheries Society publication (McConnell et al., 1983) provides guidelines for wood removal from streams and is cited in the Indiana Drainage Handbook (Christopher B. Burke Engineering, Ltd, 1999) . Both documents mention the importance of LW for habitat where infrastructure is not threatened, but this messagethat habitat complexity provided by wood is important for fish (e.g. Dolloff and Warren, 2003 )is either not effectively communicated, or is communicated but ignored. Admittedly, personnel changes over time can limit the effectiveness of communication if law or policy does not keep pace with ecological advances. Our experience in Indiana is that educating local drain managers on the importance of wood as a habitat feature for fish is helpful, but not enough, because managers are constrained by the socio-political constructs of the local community (Rhoads et al., 1999) , by their role to maintain drainage capacity over water quality (Dunn et al., 2016) , and ultimately by the law (Sandretto, 1987) .
The progressive aspects of drainage law structure with respect to management and funding (Table I) allow drainage boards the opportunity to serve as leaders for the improvement of stream and wetland functions in an agricultural landscape, especially if other aspects of drainage laws are updated (Needelman et al., 2007) . For example, the Minnesota Drainage Law (Minnesota Statutes §103E) was updated in 1991 to incorporate the enhancement, preservation, and restoration of wetlands as part of aligning drainage and conservation goals (Smith and Holtman, 2011) . This approach tasks watershed district boards with finding win-win solutions for improving water quality and ecological function, while maintaining agricultural productivity.
If a societal goal for these intensively managed watersheds is to maximize environmental benefits while maintaining adequate drainage for human infrastructure, then scientists can help close the perceived gap (Bouwes et al., 2016; Karr et al., 1985) , provide cost-effective ways to improve habitat and water quality (Roley et al., 2016) , and work with legal professionals and elected officials to improve laws (Palmer and Ruhl, 2015) and drain management (Rhoads et al., 1999) . Drain managers, social scientists, geomorphologists, and Figure 5 . Establishing a buffer strip of natural vegetation was a best management practice outlined in the Juday Creek Watershed Management Plan (Cole Associates, Inc., 1995) but has not been accomplished in practice as landowners and the drainage board regularly cut vegetation to the stream's edge, which increases bank erosion and reduces organic matter inputs (photo credit: P. D. Shirey). [Colour figure can be viewed at wileyonlinelibrary. com] STREAM HABITAT AT RISK UNDER DRAINAGE LAW ecologists should collaborate with lawmakers and the public to update state drainage laws to incorporate natural channel design (e.g. Keller, 1975 Keller, , 1978 , pragmatic tools for LW management (e.g. Wohl et al., 2016) , and habitat-based frameworks for multipurpose management of drains (e.g. Montgomery et al., 2018) to allow for restoration of geomorphological and ecological services that improve water quality (Frothingham et al., 2002) . The scientific community should also actively communicate the ecological value of passive LW restoration in historically forested streams to the public and government officials, including legislatures that write statutes and the agencies that implement the law. Ultimately, US lawmakers may need to revisit state drainage laws that are in conflict with the goals of other lawssuch as the Clean Water Actand emphasize the improvement of water quality using science-based management which imparts lasting ecosystem services to people.
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